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6, 6-Dimethyl-6H-naphtho[1, 2-b]thiapyrano[3, 4-b]quinoxaline (4), 6, 6, 9-trimethyl-6H-naphtho[1,
2-b]thiapyrano[3, 4-b]quinoxaline (Sa), 6, 6, 9, 1O-tetrarnethyl-6H-naphtho[1, 2-b]thiapyrano[3,
4-b]quinoxaline (6a), 9-chloro-6, 6-dimethyl-6H-naphtho[1, 2-b]thiapyrano[3, 4-b]quinoxaline (7a) and
9-bromo-6, 6-dimethyl-6H-naphtho[1,2-b]thiapyrano\[3, 4-b]pyrido[2, 3-e]pyrazine (8a) have been syn-
thesized by reacting appropriate diamines with 2, 3-dihydro-2, 2-dimethyl-4H-naphtho[1, 2-b)thiapy-
ran-3, 4-dione (3). The orientation of cycIisation has been established by NMR spectral analysis and
analogy. It has been observed that steric hinderance predominated over reactivities in directing the
course of cycIodehydration reactions.
In view of biosterism ' of sulphur with oxygen and
- N - with - CH = and in continuation of our
search for azasteroid like structures? -4 it has been
thought worthwhile to synthesize azasteroid-like
structures containing quinoxaline juxtaposed on
thiapyran moieties which eventually may prove to
be biologically active compounds.
Thus, naphthalenethiol-l was reacted with 3,
3-dimethylacrylic acid in the presence of piperi-
dine in a sealed tube and the resulting 3-(u-
naphthylmercapto( -3-methylbutanoic acid (1) was
treated with PPA when it underwent smooth cycli-
zation to provide 2, 3-dihydro-2, 2-dimethyl-4H-
naphthol 1, 2- b]thiapyran-4-one (2)5. The latter
was treated with selenium dioxide in dioxane to
obtain 2, 3-dihydro-2, 2-dimethyl-4H-naphtho[1,
2-b]thiapyran-3, 4-dione (3) which was confirmed
by its IR spectrum showing carbonyl stretching
vibrations at 1665 and 1720 em -I.
Treatment of diketone (3) with o-phenylenedia-
mine in dioxane provided 6, 6-dimethyl-6H-
naphthol l , 2-b]thiapyrano[3, 4-b]quinoxaline (4),
the formation of which was confirmed by the abs-
ence of C =0 bands in its IR spectrum, and from
its 90 MHz NMR spectrum.
The diketone (3) was again reacted with unsym-
metrical 4-methyl-l, 2-phenylenediarnine in diox-
ane with a possibility of formation of two pro-
ducts, 6, 6, 9-trimethyl-6H-naphtho[1, 2-b]thia-
pyrano[3, 4-b]quinoxaline (Sa) and 6, 6, Ifl-trime-
thyl-Sl-l-naphthol l , 2-b]thiapyrano[3, 4-b]quinoxa-
line (Sb). The J-amino group in the latter is more
reactive than 2-arnino due to effect of electron re-
leasing methyl group and similarly, in the unsym-
metrical diketone (3) the 4-carbonyl group will be
less reactive than 3-carbonyl group due to me-
someric effect of electron pair on sulphur atom.
One would expect the two more reactive groups
i.e. 3-carbonyl of 3 and I-amino of 1, 2-diamino-
4-methyl-benzene to react first followed by the
reaction of less reactive 4-keto and 2-amino
groups, and the orientation of the compound
would have been 6, 6, lO-trimethyl (Sb) as the
major product. However, the carbonyl group at
C- 3 is flanked by the gem-dimethyl group at C-2,
thereby creating a terrific steric hindrance for the
approaching amino group. Moreover, under such
circumstances a kinetic preference is suppressed
due to steric crowding and the more reactive
l-amino will preferably, interact with the less
crowded, though less reactive carbonyl group at
C-4, thereby, providing the 6, 6, 9-trimethyl (Sa)
as the major product. A report by Vinot et P
Maitte6 also suggested cyclisation of a more reac-
tive amino group at the less crowded, though less
reactive carbonyl group in a pyrandione system.
In our hands, the reaction gave only one pro-
duct which was tentatively assigned the structure
as 6, 6, 9-trimethyl-6H-naphtho[l, 2-b]thiapyra-
no[3, 4-b]quinoxaline (Sa). The structural assign-
ment is based on an analogy with the report of
Vinot et P Maitre" and was confirmed by its 90
MHz PMR spectrum which consisted of, a IH
doublet at b8.46 (J= 9 Hz) assigned to the bay
proton H-13 and a IH doublet of doublet at 8.35
(J = 9.0 and 2.5 Hz) assigned to the proton H-4.
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The proton H-14 resonated as a doublet (J = 9
Hz) at 7.4S. The rest of the aromatic protons (H-
I, H-2, H-3, H-8, H-10 & H-l1) were found as a
6H multiplet from 8.10 to 7.40. The C-9 methyl
protons resonated as a 3H singlet at 2.48 whereas
the gem-dimethyl protons were found as a 6H
singlet at 1.80, thus confirming the structure of
the compound (5a).
However, in order to further confirm the above
proposed orientation, the diketone (3) was react-
ed with 4, S-dimethyl-o-phenylenediamine which
resulted in the formation of 6, 6, 9, l O-tetrame-
thyl-6H-naphtho[1, 2-blthiapyrano[3, 4-blquinoxa-
line (6). Its NMR spectrum consisted of a IH
doublet at 68.62 (J = 9 Hz) due to H-13 proton
and 1H doublet at doublet at 68.32 due to H-4
proton . .The proton H -14 was found to resonate
as a doublet (J = 9 Hz) at 7.47. The rest of the
aromatic protons ut-i, H-2, H-3, H-8 and H-l1)
resonated as a SH multiplet from 67.92-7.42. The
gem-dimethyl protons at C-6 resonatd at 1.80 as
a 6H singlet. The protons for C-9 methyl and
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2.47, respectively, thus confirming its structure, as
well as that of 5a.
The 4-chloro-1, 2-phenylenediamine wa: react-
ed with diketone (3) in dioxane and the resulting
product has been assigned the structure as 9-chlo-
ro-o, 6-dimethyl-6H-naphtho[1, 2-blthiapyrano[3,
4-blquinoxaline (7a) on the basis of the arguments
advanced for the orientation of the compound
(5a).
The diketone (3) was reacted with 2, 3-diami-
no-Sebromopyridine in dioxane and the resulting
product was assigned the structure as 9-bromo-6,
6-dimethyl-6H-naphtho[1, 2-bJthiapyrano[3, 4-bJ-
pyrido[2, }-elpyrazine (Sa). The orientation is
based on analogy with the work of Vinot et P
Maitee", Its 90 MHz NMR spectrum consisted of
a signal at 69.0 (lH, d, J = 8.S Hz) ascribed to
the proton H-l1. It was followed by a IH doublet
at 8.80 (J = 8.S Hz) assigned to proton H-lO.
The protons H-10, l-l- l l have been assigned the
order of the chemical shifts on the basis of litera-
ture? records by computing the substituent effects.
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proton H-13 (J = 9 Hz). The H-4 proton has
been located as a 1H doublet of doublet (J = 9.0,
2.5 Hz) at 8.60. The proton H-1 resonated as a
1H doublet of doublet (J = 2.5, 9 Hz) at 8.30.
The proton H-14 has been located at 7.60 as a
1H doublet (J = 9 Hz). The protons H-2, H-3
resonated as a multiplet from 7.88 to 7.40. The
signal for the gem-dimethyl protons at C-6 has
been found as a 6H singlet at 1.60 thereby con-
firming the structure (8a)
Experimental Section
Melting points are uncorrected. PMR spectra
were recorded in CDCl3 on a FT-90 Q Jeol NMR
spectrometer using TMS as internal standard
(chemical shifts in 0, ppm).
3-( a-Naphthylmercapto)- 3-methylbutanoic acid
(I). Naphthalenethiol-Il l O g, 0.062 mole) was
reacted with 3, 3-dimethylacrylic acid (6.25 g,
0.062 mole) in the presence of piperidine (1.7 g,
0.02 mole) in a sealed tubes at 110° for 24 hr.
Usual work-up and recrystallisation from pet.
ether afforded 9.0 g (55% of the pure product,
m.p. 81-82°; IR(KBr): 1680 cm-1 ( C=O), 2650,
2550 cm-1 (- C02H).
2, 3-Dihydro-2, 2-dimethyl-4H-naphtho[l,
2-b]thiapyran-4-ont (2). Polyphosphoric acid was
prepared before use by mixing phosphoric acid
(9.0 g, 0.109 mole) and phosphorus pentoxide (18
g, 0.163 mole) with vigorous stirring at 110° and
the mixture was maintained at 110° for 40 min,
then cooled to 50° and 3-(n-naphthylmercapto)- 3-
methylbutanoic acid (I, 5.0 g, 0.01 mole) was
added, and the reaction mixture was stirred for
another 30 min. Usual work-up and recrystallisa-
tion from pet. ether gave 4.0 g (86%) of the de-
sired product which melted at 84-8SO, IR(KBr)
1665 cm-1 (C=O); NMR(CDCI3): b 8.12 (.1H,
dd, H-lO, J = 2.0, 9.0 Hz), 8.08 (lH, d, H-5, J
= 9.0 Hz), 7.70 (lH, dd, H-7, J = 2.0,9.0 Hz),
7.48 (lH, d, H-6, J = 9.0 Hz), 7.40-7.60 (2H, m,
H-8, H-9), 2.88 (2H, s, C-2-CH2)' 1.52 (6H, s,
-C(CH3)2)'
2, 3-Dihydro- 2, 2-dimethyl-4H-naphtho[I,2-
b]thiapyran-3, 4-dione (3). Thiapyran-4-one (2a,
3.5 g, 0.014 mole) was reacted with selenium di-
oxide (1.66 g, 0.015 mole) in refluxing dioxane
with stirring for 24 hr. Black coloured elemental
selenium was separated at regular intervals of
time. Contents were cooled and poured into wa-
ter. Extraction with chloroform and the removal
of the solvent and recrystallisation from pet. ether
afforded 3.2 g (86.4%), m.p. 106-07° (Found: C,
70.0; 4.7. C1SH12S02 requires C, 70.16; H,
4.70%), IR (KBr): 1665, 1720 em -1 (C = 0).
6, 6-Dimethyl-6H-naphtho[1, 2-b]thiapyrano[3,
4-b]quinoxaline (4). Diketone (3, 0.8 g, 0.0031
mole) dissolved in dioxane was reacted with 1,
2-phenylenediamine (0.32 g, 0.003 mole) by ref-
luxing on heating mantle for 4 hr. The contents
were cooled, poured into water and the organics
material extracted with chloroform. The chloro-
form layer was washed with water. Removal of
the solvent and prep. TLC provided 0.6 g (58.5%)
of the yellow coloured solid, rn.p. 138-39° (Found:
C, 76.8; H, 4.8. C21H16N2Srequires C, 76.80; H,
4.81%); NMR (CDCl3): 8.68 (lH, d, H-13, J = 9
Hz), 8.28 (lH, dd, H-11, 1= 2.5, 9 Hz), 8.18-
7.88 (2H, m, H-1, H-8), 7.88-7.48 (4H, m, H-2,
H-3, H-9 & H-lO), 7.64 (lH, d, H-14, J = 9 Hz),
1.86 (6H, s, 6(CH3)2)'
6, (1, 9-Trimethyl-6H-naphtho[1, 2-b]thiapyra-
no[3, 4-b]quinoxaline (5a).Diketone (3, 0.8 g,
0.0031 mole) dissolved in dioxan was reacted
with 4-methyl-1, 2-phenylenediamine (0.36 g,
0.003 mole) by refluxing for 4 hr, and usual
work-up followed by prep. TLC provided 0.35 g
(31.4%) pale yellow coloured product, m.p. 142-
43° (Found: C, 77.2; H, 5.2; N, 8.1. C22H1SN2S
requires C, 77.19; H, 5.26; N, 8.18%); NMR
(CDCI3): 0 8.46 (lH, d, H-13, J = 9 Hz), 8.35
(lH, dd, H-4, J = 2.5, 9.0 Hz); 7.45 (lH, <;I,
H-14, J = 9 Hz), 8.10-7.40 (6H, m, H-1, H-2,
H-3, H-8, H-lO, H-11), 2.48 (3H, s, C-lO-Me),
1.80 (6H, s, C(CH3lz).
6, 6, 9, IO-Tetramethyl-6H-naphtho[l, 2-b]thia-
pyrano[3, 4-b]quioxaline (6a). Diketone (3, 0.8 g,
0.0031 mole) was dissolved in dioxane and was
reacted with 4,5-dimethyl-1, 2-phenylenediamine
(0.41 g, 0.0031 mole) by refluxing on heating
mentle for 4 hr and usual work-up and prep. TLC
provided 0.41 g (36%) of the desired product
which melted at 210-11° (Found: C, 77.; H, 5.7.
C23H20N2S requires C, 77.52; H, 5.61%); NMR
(CDCI3); 6 8.62 (lH, d, H-13, J = 9 Hz), 8.32
(lH, dd, H-4, J = 2.5,9 Hz), 7.47 (LH, d, H-14,
J = 9 Hz), 7.92-7.42 (5H, m, H-1, H-2, H-3, H-8
& H-11), 2.48 (6H, s, C-9 Me, C-10 Me), 1.80
(6H, S, C(CH3)2, C-6).
9-Chloro, 6, 6-dimethyl-6H-naphtho[l, 2-b]thia-
pyrano[3, 4-b]quinoxaline (7a). Diketone (3, 0.08
g, 0.0031 mole) dissolved in dioxane was treated
with 4-chloro-1,2-phenylenediamine (0.42 g,
36
Hz), 7.60 (IH, d, H-14, J = 9 Hz), 7.88-7.40
(2H, m, H-2, H-3), 2.47 (3H, s, C-9-Me) 2.47
(3H, s, C-lO-Me), 1.80 (6H, s, C-6 (CH3)2)'
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0.003 mole) by retluxing for 4 hr on heating man-
tle. Using work-up and prep. TLC afforded 0.5 g
(44.3%) of product, m.p. 1l0-1l0C (Found: C,
69.5; H, 4.1; 7.7. C21HlSN2SCI requires C,
69.50; H, 4.141 N, 7.71%); NMR (CDCI3): b 8.52
(111, d, H-13, J = 9.0 Hz), 8.26 (IH, dd, H-4, J
= 9, 2.5 Hz), 7.48 (IH, d, H-14, J = 9 Hz),
8.18-7.40 (5H, m, n-i, H-2, H-3, H-8 & H-11),
1.76 (6H, s, (C(CH3)2)'
9-Bromo-6, 6-dimethyl-6H-naphtho(1, 2-b]thia-
pyrano(3, 4-b)pyrido(2, 3-e)pyrazine (8a). Dike-
tone (3, 0.8 g, 0.0031 mole) dissolved in dioxane
on reacting with 2, 3-diarnino-5-bromopyridine
(0.56 g, 0.0031 mole) and on usual work-up and
prep. TLC yielded 0.4 g (31%) of the desired pro-
duct, m.p. 206-07° (Found: C, 58.8; H, 3.4; N,
10.3. C2oH14N3SBr requires C, 58.82; H, 3.43; N,
10.29%); NMR (CDCI3); 6 9.0 (IH, d, n-u, J =
8.5 Hz), 8.80 (lH, d, H-I0, J = 8.5 Hz), 8.70
(IH, d, H-13, J = 9.0 Hz), 8.60 (IH, dd, H-4, J
= 2.5,9.0 Hz), 8.30 (IH, dd, u-r, J = 9.0 & 2.5
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